Objective: Hemoglobin (Hb) solutions are used in clinical practice and efforts are underway to study methods and techniques of their storage. As Hb solutions are stored, oxygen-intolerant methemoglobin (metHb) is formed. Increased metHb content in Hb solutions adversely affects the potential for their use. It is of particular interest for neonatology as increased metHb content is observed in healthy neonates. To simulate the processes taking place in metHb-containing red blood cells we researched the adult (A) and fetal (F) metHb interaction with liposomes. Methods: We obtained metHb А and F by oxidation of Hb А and F, respectively, with potassium hexacyanoferrate(ІІІ) excess and subsequent dialysis. Hb A was isolated from donors' and Hb F from umbilical blood. Egg phosphatidylcholine and cardiolipin from bovine heart were used. Liposomes were formed in the 4:1 phosphatidylcholine-cardiolipin weight ratio. Protein-lipid complexes were formed at 20°С. The kinetics of metHb A and F interaction with liposomes was studied by recording the changes of optical density of protein-lipid complexes in the Soret band maximum. Results: The kinetics of metHb A and F interaction with liposomes showed that a decrease of the protein optical density in the Soret band for metHb F was more apparent than for metHb A. Conclusions: As far as metHb induces lipid peroxidation in model membranes, it is fair to assume that this process is more intensive in case of metHb F-liposomes interaction than in case of metHb A-liposomes interaction. Probably, metHb F is less resistant to hydroperoxides than metHb A.
INTRODUCTION
Hemoglobin (Hb) solutions are an important research subject in experimental medicine; e.g., it is essential to investigate thoroughly the low-temperature storage conditions for Hb solutions. It is known that methemoglobin (metHb) is formed during Hb solutions storage [1] . As far as metHb does not bind oxygen, increased metHb content in Hb solutions adversely affects the achievability of medical objectives associated with Hb solutions.
Once the metHb content in a Hb solution increases, it is important to have a good knowledge of the processes and mechanisms that can be triggered as a result of its presence in the medium. There is evidence for increased metHb content in healthy neonates; the highest metHb content is observed in the umbilical blood. By end of the first natural day the metHb content reduces significantly and keeps decreasing throughout the neonatal age. By the end of the neonatal period the metHb content in newborns is higher than that in adults [2] .
Research of the capacity of dark-red and bright-red blood erythrocytes in healthy Californian rabbits to release the Hb-bound oxygen when an oxygen-absorbing reagent sodium dithionite is injected into the freshly drawn blood suggests that the metHb content increases as a result of the Hb oxidation [3] . Methemoglobinemia has rarely been reported as side effect of diaphenylsulfone used for Pneumocystis pneumonia prophylaxis [4] . Methemoglobinemia occurs after the pacemaker insertion procedure in the medical practice [5] ; so it may also be a consequence of the pacemaker insertion. It is important to know what kind of processes takes place in a metHbcontaining erythrocyte. Fetal Hb (Hb F) prevails in the umbilical blood and an increase in its content is observed in some diseases. Of great interest are also the processes occurring in fetal metHb-containing erythrocytes.
Hb-bound artificial lipid membranes are a red blood cell model. A Hb-bound artificial lipid vesicle model is more appropriate for gaining a better understanding of the processes related to the Hb F and adult Hb (Hb A) binding with the red blood cell membrane. The subject of our research was to determine the kinetics of adult and fetal metHb (metHb A and F) interaction with liposomes.
MATERIALS AND METHODS
All studies have been approved by the bioethics committee of Kharkiv Petro Vasylenko National Technical University of Agriculture and have been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.
Chemicals
Ammonium persulfate was purchased from SigmaAldrich (St. Louis, MO, USA); Tris and HCl, potassium hexacyanoferrate(III) and potassium hydroxide were purchased from Merk (Darmstadt, Germany); Sephadex ® G-75, L-α-Phosphatidylcholine from egg yolk, cardiolipin solution from bovine hart and sodium chloride were purchased from Sigma-Aldrich (Steinheim, Germany).
Methemoglobin A and F preparation
Methemoglobin A and F were obtained by oxidation of human Hb А and F, respectively, with 10% molar excess quantity of potassium hexacyanoferrate(ІІІ) and subsequent dialysis. Human Hb A was isolated from the red blood cells obtained from the fresh whole donor blood, and human Hb F was isolated from the red blood cells obtained from umbilical blood as described earlier [6] . After separation of Hb from the erythrocytes shadow by centrifuging at 15,000g, Hb A contained in supernatant was denaturated with 1.12 М KOH solution and precipitated with saturated ammonium sulfate solution. Hb F was purified using gel filtration on a 1 x 27 cm column with Sephadex ® G-75. In experiments the fractions with molecular mass of 65 kDa were used.
Preparation of liposomes
Liposomes were formed in the weight ratio of phosphatidylcholine:cardiolipin = 4:1. To prepare liposomes using phosphatidylcholine-cardiolipin mixture, methanol solution of lipids was evaporated to dry state, then 5 mM Tris-HCl buffer (pH 7.4) containing 0.15 M NaCl was added to lipid film. The final concentration of lipids was 20 mg/ml. The suspension was shaken mechanically during 10 min and rough dispersion was treated with ultrasound dispergator with the frequency of 22 kHz [7] . Complex-forming reaction of metHb A and F with liposomes was carried out at 20°С. The protein-lipid molar ratio was P/L = 1.7х10 -3 .
Kinetics of methemoglobin A and F interaction with liposomes
Kinetic dependences of metHb A and F interaction with liposomes were obtained by recording the changes of optical density of protein-lipid complexes in the Soret band maximum (max) at 406 nm during 36 min: Δ absorbance at Soret max equally optical density in the Soret max at 406 nm in current time minus optical density in Soret maximum at 406 nm in initial time.
Statistical analysis
Statistical analysis was carried out using Statgraphics Plus version 2.1 for Windows (Manugistic, Rockville, MD, USA). All the analyses for each sample were done in triplicate set (n = 5). The data were analyzed by t-test to find out difference between sample means and then presented as mean ± standard deviation (SD). Values with P < 0.05 were considered as significant.
RESULTS
We studied the kinetics of metHb A and F interaction with liposomes. It was found out that in early kinetic dependences (from the beginning of interaction with liposomes to the 14 th min) the nature of kinetic curves for metHb A and F was approximately the same (Figure 1 ). In this dependences area no difference in decrease of the protein optical density was observed in the Soret band max at 406 nm for metHb A and F. However, starting from the 14 th min the difference in decrease of the protein optical density becomes apparent.
DISCUSSION
Methemoglobin A and F binding with liposomes involves decrease of the protein optical density in the Soret band at 406 nm (Figure 1) . Decrease of the protein optical density in the Soret band for metHb F is slightly more apparent than for metHb A. The obtained data of changes of the protein optical density in the Soret band for metHb A upon interaction with liposomes agrees well with the research of Bossi et al [8] and Gorbenko [9] . Bossi et al [8] addressed changes of human metHb and oxyhemoglobin optical density upon interaction with liposomes; it was found that decrease of the protein optical density was more apparent for metHb and assumed that metHb has a more appropriate conformation for binding with lipid membranes [8] . We can assume that possibly metHb F has a more appropriate conformation for binding with liposomes as compared to metHb A. It should be noted that Hb F is less resistant to air oxygen oxidation and thereby easily develops into the metHb form that possibly results from the lack of two (as compared to Hb A) reactive thiol (SH) groups [10] . Moreover, Hb F is faster oxidized with potassium hexacyanoferrate(ІІІ) than Hb A as reported in a research of Hb F in neonates [2] . Presumably, the Hb F capacity for faster and easier oxidation as compared to Hb A is associated with the fact that metHb F as well undergoes slightly more important changes as compared to metHb A upon interaction with liposomes that leads to results in a more apparent decrease of optical density in the Soret band.
It is known that metHb induces lipid peroxidation in model membranes [8] . Lipid peroxidation is preceded by the metHb heme group modification that significantly depends on the presence of hydroperoxides in the lipid bilayer and possibly on the metHb interaction with nonoxidized lipid molecules [9] . It was demonstrated that with increase of the phosphatidylcholine liposomes oxidation or, in other words, with increase of the hydroperoxides concentration decrease of the metHb optical density in the Soret band upon its interaction with liposomes becomes more apparent [9] . It could be assumed that in the present study the phosphatidylcholine liposomes oxidation (the hydroperoxides concentration) for metHb F is more apparent than for metHb A, as decrease in the metHb F optical density in the Soret band is more apparent as compared to metHb A from the 14 th min. The differences observed are insignificant. By the 14 th min of interaction with liposomes the metHb F heme group undergoes more changes than the metHb A heme group does and the metHb F heme arrives at a structural state when lipids peroxidation is induced more intensively as compared to metHb A and the lipids peroxidation products in their turn affect the metHb heme state.
It is relevant to note that when metHb F binds liposomes, decrease in optical density in the Soret band is more apparent than in case of metHb A interaction with liposomes. Once metHb induces lipids peroxidation in model membranes, it can be assumed that in case of metHb F interaction with liposomes this process is more intensive as compared to the same process with metHb A involvement. So, it can be concluded that metHb F is less resistant to the effect of peroxides as compared to metHb A. As we simulate processes closely resembling those occurring in metHb F-containing red blood cells, our results promote better understanding of the processes taking place in metHb F when it binds liposomes.
